Methods for the purification of African swine fever virus (ASFV) and its dissection into two fractions are described. The difficulties which have been encountered previously in attempts to purify the virus, namely contamination with large amounts of cellular constituents and aggregation of the virus particles, have been overcome by treatment with Tween 8o and by the use of I i-NaC1 in the sucrose gradients. Five major polypeptides, tool. wt. Ioax I25 (VP1), 76 (VP2), 50 (VP3), 44 (VP4) and 39 (VPs) were found in the purified particles. The virus was dissected by treatment with Nonidet NP 40 into (a) a fraction which had the appearance of an empty capsid shell and contained the polypeptides VP2 and VP3 and (b) a structure containing VP 1 and VP4. The location of VPn was not ascertained.
INTRODUCTION
African swine fever is a highly contagious and rapidly fatal disease of pigs (see review by Hess, I97I) . The causative virus is sensitive to lipid solvents (De Tray, 1963) and contains DNA (Plowright, Brown & Parker, 1966; Adldinger et al. 1966) . Electron microscopical examination of infected cells has shown that the virus multiplies in the cytoplasm (Breese & De Boer, I966) . It is morphologicaly similar to, but larger than, frog virus 3 (Darlington, Granoff & Breeze, I966; Lunger & Came, I966) and Tipula iridescent virus (Almeida, Waterson & Plowright, I967) . On the basis of this rather limited information, ASFV has been classified as a member of the icosahedral cytoplasmic deoxyribovirus group (Wilner, 1969; Kelly & Robertson, 1973) . Because of the problems involved in purifying the virus, however, precise biochemical characterization has not been attempted (Hess, I97 I) so that comparison with members of the icosahedral deoxyriboviruses at present is tentative.
As the first part of a programme to identify the functional units of the virus, we have devised a method for purifying the virus and have analysed the polypeptides in the purified particles. Preliminary experiments on the disruption of the virus particles into subunits are also described. and a further 9 times in PK I5 cells prior to its growth in IBRS-2 cells. In our experiments virus passaged a further 3 times in IBRS-2 cells was used. Cell monolayers infected with this virus at a multiplicity of o.2 to 2"o haemadsorbing doses (HAD) per cell were completely destroyed in 3 to 4 days. By using a multiplicity of 2oo, maximum c.p.e, was obtained at 30 to 40 h. Infectivity of the virus was measured by haemadsorption on pig bone marrow cells (Plowright, Parker & Staple, I968 ; Greig & Plowright, 2970) . No loss of infectivity occurred when virus harvests were stored at 4 °C for prolonged periods (at least I2 months).
METHODS

Cells and virus. Pig kidney cells (IBRS-
2
Labelling of virus 3~S-methionine.
Monolayers of 2o ~ IBRS-2 cells in 4 oz bottles were washed twice with phosphate buffered saline (PBS) and then incubated with 2oo HAD units per cell for 2 h at 37 °C. After removing the inoculum, the cells were washed twice with PBS and then incubated in Io ml Eagle's medium. Nine hours p.i. the medium was removed and replaced with Eagle's medium containing one-sixth of the normal level of methionine (2.5/~g/ml instead of 25/~g/ml) and 85S-methionine (2oo #c) added to each bottle at 9, 28, 24 and 3o h p.i. The cell monolayers were destroyed at 3o to 4o h p.i.
~H-thymidine. Monolayers of IBRS-2 cells which had been incubated for 4 h with
Mitomycin C (2o #g/ml) were washed free of the drug and infected as described in the previous paragraph. Incubation was continued in Eagle's medium and 3H-thymidine 0oo/zc) was added at 9, 28, z4 and 3o h p.i.
Purification of virus particles.
The virus fluids were concentrated by pelleting at 6oooog
for 45 min in the MSE Superspeed 5o. The pellets were re-suspended in o'o5 M-tris-HC1, pH 7"2, containing 2 mM-EDTA by sonicating in a water bath sonicator (Dawes Instruments Ltd, Type II43A ) for 6o to I2o s at 23"75 kHz. The virus was then separated from cellular materials by sucrose gradient centrifugation. The details of the different methods used are given in the Results section.
Determination of buoyant density of virus particles and subunits. The determinations were made by centrifuging the preparations in pre-formed 2o ml potassium tartrate gradients for 4 h at 4oooog in the SW 30 rotor of the MSE Superspeed 50.
Polyacrylamide gel electrophoresis of virus proteins. Fractions collected from sucrose or potassium tartrate gradients were heated for IO rain at Ioo °C in o'5 M-urea, 2 % SDS, o. 2 % z-mercaptoethanol (ME) and then dialysed against a large excess of o'5 M-urea, o-2 % SDS, o.1% ME in o.o2 M-phosphate, pH 7"2, containing I raM-sodium azide. The precipitates which formed on adding the disruption solution to the potassium tartrate gradient fractions dissolved at 2oo °C; although these precipitates re-formed on cooling, they re-dissolved during dialysis. The samples were then analysed on 2o % polyacrylamide gels as described by Cartwright, Talbot & Brown (I97O) . Unlabelled polypeptides were detected by Coomassie blue staining. Labelled polypeptides were detected by saturating longitudinal slices of the fixed gels with PPO (Bonnet & Laskey, 2974), drying them on wettable cellophane and exposing against Royal 'X-Omat' film at -7o °C. The mol. wt. of the virus polypeptides were estimated by co-electrophoresing the ~SS-methionine labelled polypeptides with bovine plasma albumin, ovalbumin, trypsin and cytochrome c.
Electron microscopy. Samples of the virus and virus sub-structures from gradients were pipetted on to carbon-formvar grids and excess liquid removed after I rain. The grids were then stained with 2 % PTA, pH 7.2, or 2 to 2 % Na silicotungstate, pH 7.o to 7"6, for 3o s, blotted with filter paper and examined in a Philips 3o2 electron microscope.
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RESULTS
Labelling of virus with 35S-methionine and 3H-thymidine
The advantages of using virus labelled in the protein moiety for studies on purification procedures prompted us to investigate the use of 35S-methionine in our experiments with ASFV. The virus grew to titres of 1o 7 to Io 8 HADs0/ml in IBRS-2 cells maintained in Eagle's medium but the yield was reduced by IOO-to Iooo-fold when methionine was omitted from the medium (Table 0-Similar reductions in the yield of virus were also obtained when the infected monolayers were incubated in the absence of several amino acids, each omitted singly from the otherwise complete Eagle's medium. We found, however, that yields of virus as high as those obtained with complete Eagle's medium were obtained when the methionine content was only one-sixth of the normal concentration (Table 0-Using this concentration of methionine adequate labelling of the virus proteins could be obtained.
Since ASFV does not cause early inhibition of cell protein synthesis (D. N. Black, unpublished observations), we considered it necessary to overcome the depletion of 3~S-methionine caused by its incorporation into cell proteins by adding the labelled aminoac;d at several times during the growth cycle. The labelled amino acid was added at 9, I8, 24 and 30 h after infecting each monolayer with Ioo HAD/cell and the virus was collected between 30 and 40 h p.i.
To inhibit cellular DNA synthesis and thus increase the labelling of virus DNA, virus labelled with 3H-thymidine was produced in cells which had been pre-treated with Mitomycin C. At the concentration used (Io/zg/ml) the yield of virus was unaffected even when the Mitomycin was present throughout the growth cycle (Table I) .
Purification of the virus
Pelleting and sonication of virus harvests by the procedures described in Methods gave good recovery of virus infectivity (Table 2 ). Attempts to purify the virus by gradient centrifugation in sucrose solutions used in the purification of the morphologically similar frog virus 3 (o.oI M-tris-HC1, o-o15 M-MgCI2 and o.oi M-KCI, pH 8; Tan & McAuslan, 197I ) gave a peak of infectivity, but the virus-rich fractions contained between 2o and 3o polypeptides as shown by polyacrylamide gel electrophoresis. The large number of polypeptides and the variability in their number in different virus preparations suggested considerable contamination with cellular proteins. Similar results were obtained when the resuspended virus pellets were centrifuged in sucrose gradients prepared in a variety of salt solutions.
Equilibrium centrifugation of the resuspended pellets in pre-formed potassium tartrate gradients produced similarly contaminated preparations. The peak of infectivity was associated with a thick opalescent band which gave a very large and variable number of polypeptides in polyacrylamide gel electrophoresis. Fig. I It had been shown previously that Tween 80 is useful for dissociating cellular constituents from another enveloped virus, vesicular stomatitis virus, without affecting infectivity (Brown, Cartwright & Smale, I967; Cartwright & Brown, 1972) . We have found that Tween 80 at concentrations up to 30 mg/ml had no effect on the infectivity of ASFV. Routinely we treated the pellets of ASFV with 3 mg/ml of Tween 8o before centrifuging in sucrose gradients. The treatment with Tween 80 caused the virus particles to sediment to the bottom of sucrose gradients prepared in low ionic strength buffer solutions but aggregation was prevented by using gradients containing a high concentration of NaC1. In I5 to 45 % sucrose gradients prepared in o'o5 M-tris-HC1, o.ooi M-EDTA, I M-NaC1, pH 7"2, the virus sedimented as a sharp peak (Fig. i a) and good recoveries of infectivity were obtained (Table 2) . Re-cycling in a second gradient of the peak fractions of Fig. I (a) gave a single peak with little evidence of degradation (Fig. I b) . Virus from this second gradient was used for the subsequent experiments.
The following experiments were done to ascertain whether the virus prepared by this method was free from cellular proteins. ASFV grown in the presence of 3H-thymidine was mixed with a lysate prepared by infecting asS-methionine pre-labelled IBRS-2 cells with foot-and-mouth disease virus and purified by the procedure described. The purified ASFV isolated from this mixture contained aH counts with only a trace of 35S (Fig. 2 a) . In a second experiment cells pre-labelled with aH-histidine were infected with ASFV in methioninedepleted Eagle's medium containing 35S-methionine and excess unlabelled histidine. The 3~S-purified virus prepared from this harvest contained no detectable aH counts (Fig. 2b) .
Polypeptides in purified virus particles
Polyacrylamide gel electrophoresis of 35S-methionine labelled virus particles which had been disrupted with urea, SDS and mercaptoethanol gave five bands by Coomassie blue staining and fluorograpby. The polypeptides were estimated to have tool. wt. of 1o3× I25 (VP0, 76 (VP~), 5o (VPa), 44 (VP4) and 39 (VPs); (Fig. 3) . Since this is a much smaller number than has been found for other icosahedral cytoplasmic DNA viruses (Tan & McAuslan, I97I; Krell & Lee, I974) , we were concerned that the purification procedure might have removed some virus proteins despite the good recovery of infectivity. However, the purified virus particles bad a buoyant density of I-I5 g/ml in potassium tartrate, similar to that obtained for vesicular stomatitis virus and other enveloped viruses, indicating that the membranes had been retained on the virus particles during the purification procedure.
Degradation of the virus particles with Nonidet
Mixing the virus with o-I % Nonidet P4o reduced the infectivity by more than 6 logs. Electron microscopical examination of the mixture showed the presence of particles which were slightly larger than the untreated virus (Fig. 4a ) and which possessed a distinct subunit structure (Fig. 4b) . These particles did not possess the symmetry of the untreated particles (compare Fig. 4a and 4b ) and appeared to have lost the outer coats. There was also a considerable amount of material which presumably consisted of outer coats and possibly the internal component of ruptured particles. Centrifugation of a Nonidet disrupted pIeparation labelled with 35S-methionine and 3H-thymidine on a sucrose gradient overlaid on a cushion of 65 % sucrose gave two peaks of 35S radioactivity (peaks I and 2 in Fig. 5 ). In addition, some 35S-labelled material collected on the 65 % sucrose cushion and about 30 % did not enter the gradient. In contrast none of the 3H-thymidine counts entered the gradient (Fig. 5) . Electron microscopy of peak I showed that it contained the enlarged subunit referred to above (Fig. 4b, c) and peak 2 contained the material shown in Fig. 4(d) .
Peak I and the material which collected on the 65 % sucrose cushion each had a density in potassium tartrate of 1.24 g/ml, suggesting that they contained much less lipid than the intact virus. The density of peak 2 in potassium tartrate was I "Io g/ml, suggesting that it was the virus membrane.
Polyacrylamide gel electrophoresis of the proteins from the sucrose gradient fractions showed that peak I and the aggregate collecting on the 65 % sucrose cushion contained only VP2 and VP3 whereas peak 2 contained VP 1 and VP4 (Fig. 6a, b) . The radioactive material which remained at the top of the gradient contained mainly VP~ VP3 and VP~ and a small amount of VP1 (Fig. 6 c) . Since 3H-thymidine counts were found only in the loading fraction, it seems that the virus DNA was liberated by the Nonidet treatment and that the structure in peak I is an empty capsid shell.
DISCUSSION
The results presented in this paper show that ASFV can be freed from cellular constituents by treatment with Tween 8o without loss of infectivity. Aggregation of the virus particles which follows removal of the host cell contaminants makes separation in sucrose gradients difficult but this problem can be overcome by increasing the salt concentration of the gradients.
Only five structural polypeptides were found in the purified particles. This is a much smaller number than has been found in the morphologically similar frog virus 3 and Tipula iridescent virus, thus raising the question of whether the purification procedure we used Characterization of African swine fever virus 517 removed some of the virus structural proteins, despite the good recovery of infectivity. However, if retention of infectivity is a satisfactory criterion of integrity of virus struture, it seems that no loss of essential virus proteins was incurred by the purification procedure used. Indeed, concentrations of Tween 8o tenfold greater than those used in the purification procedure had no effect on virus infectivity. Indirect evidence that the method of purification does not remove virus proteins was obtained by applying the method to the purification of the related frog virus 3. In these experiments the purified frog virus 3 particles gave 14 to 16 bands in PAGE, similar to the result obtained by Tan & McAuslan (t97I) . The buoyant density of the purified ASFV particles was 1.15 g/ml in potassium tartrate gradients. This is the same value as found for vesicular stomatitis virus and some other viruses containing a lipoprotein membrane and provides further evidence that the purification procedure does not remove membrane proteins from the virus particle. Our experiments on the disruption of ASFV with Nonidet have shown that two fractions of different density can be separated in sucrose velocity gradients. The less dense fraction contains VP1 and VP4 and may comprise the membrane of the virus. The denser fraction contains VP2 and VPz but no DNA. The distinct subunit structure of this fraction, together with the absence of DNA, suggests that it is the empty internal capsid of the virus.
Polypeptide VP5 was found only in the loading fraction of Nonidet disrupted preparations. Since the virus DNA was also found in the same fraction, it is interesting to speculate that VP5 and the DNA are closely associated in the virus particle but it is possible that VP 5 is a surface polypeptide released by the detergent.
The purification of ASFV and the preliminary results on the dissection of the particles into identifiable structures now makes possible a study of the functional relationships of the different polypepides and will incidentally provide a firmer basis for its classification.
